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Abstract—This paper presents a textile patch antenna 
designed for WBAN applications at 2.45 GHz ISM band. The 
antenna uses denim as substrate and conductive fabric for the 
ground plane and radiator layers. The main purpose of this 
paper is to analyze the influence of typical deviation of denim 
properties and patch radiator dimensions on the performance of 
the antenna. The parameters considered in the analysis are the 
relative permittivity and thickness of denim and the width and 
length of the rectangular patch radiator. The dependence of the 
central operation frequency of the antenna on those parameters 
was studied using the antenna reflection coefficient obtained 
from EM simulations. Rules of thumb for one-shot design were 
derived and applied to design a rectangular patch antenna. An 
antenna prototype was fabricated and measured, demonstrating 
a 10 dB impedance band of 4.8 % centered at 2.45 GHz, in good 
agreement with simulated results. 
Keywords—Microstrip Patch Antenna, textile antenna, denim, 
WBAN. 
I.  INTRODUCTION  
In recent years, flexible and textile antennas have 
becoming ever more attractive due to their application in 
wearable systems [1,2]. The new wireless protocols for body 
area networks and personal area networks (BANs and PANs) 
operating in the 2.45 GHz band are highly attractive as future 
solutions for radio frequency identification (RFID), smart 
home and military applications [3-5]. Wearable antennas need 
to be hidden and of low profile. This requires a possible 
integration of the antenna elements within everyday clothing. 
The microstrip patch antenna is a representative candidate for 
any wearable application, as it can be made conformal for 
integration into clothing [6-8].  
Conductive textiles are commercially available and have 
been successfully used in textile antennas [9-11].  Fabrics 
have been used as dielectric substrates. Effects of antenna 
bending on its impedance and radiation characteristics are 
presented in [12-14]. These results shows shift in resonance 
frequency and changes input impedance of the antenna. 
However, little information is found on the 
electromagnetic properties of regular commercialized textiles. 
Parameters as relative permittivity and thickness of the 
dielectric material are crucial in the design of antennas, 
determining the dimensions of the antenna radiator. The 
choice of the thickness of the dielectric material is a 
compromise between efficiency and bandwidth of the antenna 
[14]. Moreover, the thickness of the substrate also influences 
the geometric sizing of the antenna.  However, fabrics are 
flexible and compressible materials, which thickness and 
density might change with low pressures. Furthermore, the 
fact that the antenna be sewn can result in variations on its 
thickness. 
All these features are somehow difficult to control in real 
applications of textiles. Therefore it is important to know how 
they may influence the behavior of the antenna, in order to 
minimize any unwanted effects. This paper presents a study of 
the impact of variations of these parameters on the 
characteristics of patch antenna manufactured on denim 
substrate, with metal layers of Pure Copper Polyester Taffeta 
Fabric (PCPTF) [15]. 
This paper is organized as follows. Section II describes the 
textile materials used for an antenna manufacturing. Section 
III presents the design of a textile rectangular patch antenna 
for 2.45 ISM band and an analysis of the influence of 
deviations on the textiles fabrics characteristics and radiator 
dimensions in the antenna performance. One-shot design 
recommendations are suggest along this section. Section IV 
presents the antenna manufacturing process and section V 
compares measured and simulated antenna frequency 
response. Conclusions are drawn in section VI. 
II. DESIGN METHODOLOGY 
A. Microstrip patch antenna 
A microstrip patch antenna consists of a metallic radiating 
patch on top of a dielectric substrate which has a ground plane 
on the other side as shown in Fig. 1.  
 
Fig.1. A microstrip patch antenna. 
 Microstrip patch antennas are appropriate to be produced 
out of textile material mainly because of their compact 
geometry and planar profile. The radiating elements may be 
square, rectangular, circular, triangular, and elliptical or some 
other common shape [14]. 
B. Design specification 
The antenna was designed to operate at the unlicensed 
2.45 GHz ISM band. 
C. Textile Material 
The textile materials employed in the designed antenna are 
denim as the dielectric substrate and PCPTF for the 
conductive radiator and ground plane. The selection of an 
appropriate conductive textile is an important step in the 
design of a textile antenna. Properties of PCPTF provided by 
supplier are given in table I. 
TABLE I.  PROPERTIES OF THE CONDUCTIVE FABRIC USED - PCPTF. 
Properties Conductive Textile Material 
Surface resistance 0.05 Ohm/sq 
Conductivity 2.5 x 10
5
 S/m 
Thickness (t) 0.08 mm 
Weight 80 g/m
2
 
 
PCPTF is made using 35% of copper and has the 
advantages of being flexible, light weight, easy to be cut, sewn 
and meant to be used in electromagnetic shielding 
applications. The denim fabric is one of the best candidates for 
use as substrate on textile antennas, since it is durable, 
inelastic, low thickness, comfortable for user and low cost 
material.  
The permittivity and the loss tangent of denim substrate 
were extracted using the techniques explained in [16] with the 
aid of electromagnetic simulation, resulting in εr = 1.6 and 
tanδ  = 0.01 at 2.45 GHz. The substrate thickness was 
measured along a 10 mm x 10 mm denim sample using a 
caliper rule and h = 0.72 +/- 0.1 mm was obtained.  
D. Antenna Design 
A 2.45 GHz rectangular patch antenna was designed using 
the experimental data obtained for the denim and the 
characteristics of the conductive fabric PCPTF from the 
manufacture datasheet. 
The sensitivity of the designed antenna was analyzed 
assuming variations of the relative permittivity and thickness 
of denim.  
The impact of deviations on the dimensions of the radiator, 
which usually results from the process of cutting and fastening 
the conductive layers on the denim substrate, was also 
simulated. Using the design procedure presents in [14], a 
simple rectangular microstrip antenna was designed, using the 
following equations: 
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 The antenna dimensions were optimized using HFSS 
[17] and are presented in Table II. 
TABLE II.  DIMENSIONS OF TEXTILE PATCH ANTENNA.  
Parameter Dimension (mm) 
W 51 
L 46 
yo 3.6 
d 25 
 
 The designed antenna presented a simulated 10 dB 
impedance bandwidth of 3.2% centered at 2.45 GHz. 
 Fig. 2 presents the simulated far-field radiating patterns of 
the designed antenna at 2.45 GHz. The simulation indicated a 
maximum antenna gain of 2.1 dB. This relatively low gain is 
due mainly to the conductive losses on the radiator and ground 
plane. 
 
Fig.2. Simulated normalized radiation pattern.  
 
 The influence of the substrate characteristics and of the 
radiator dimensions on the frequency response of the designed 
antenna was studied by means of computer simulations, 
considering typical deviation on these antenna parameters. 
 
 III. PARAMETRIC STUDY OF  PATCH ANTENNA 
A. Influence of deviations on relative permittivity ‘εr’ and loss 
tangent ‘tg ’ 
The relative permittivity of the antenna substrate has a 
significant role in the antenna design and deviations on its 
value will result in an antenna operating bellow or above the 
specified central frequency. Since microstrip antennas are 
narrowband, a relatively small error in the value of the 
substrate relative permittivity can result in an antenna 
operating out of the desired band.  
The impact of denim εr on the antenna central frequency 
was evaluated from computer simulations of the antenna 
carried out for εr ranging from 1.5 to 1.8 with 0.1 steps, 
keeping all other parameters constant. As shown in Fig. 3, 
variations of +/- 0.1 in εr have a significant impact in the 
antenna operating band. The relative permittivity of denim 
reported in technical literature varies from 1.6 to 1.8 [1-4]. 
Thus, the accurate measurement of dielectric characteristics of 
textiles should be performed before the antenna design for 
one-shot design procedure. 
 
 
Fig.3. Simulated return loss of the antenna versus frequency as a function of 
denim relative permittivity „εr‟. 
 
Values of loss tangent in the range of 0.01 to 0.05 were 
also considered during the antenna simulations. The deviation 
on the loss tangent had a second order effect on the antenna 
center frequency, affecting mainly the return loss magnitude.   
B. Influence of deviations on denim thickness ‘h’ 
The thickness of textile substrates presents some variation 
along their extension. For example, the measured thickness of 
denim substrate studied in this paper is h = 0.72 +/- 0.1 mm. 
Furthermore, the procedure of sewn the conductive layers of 
the antenna on the substrate produces a slight reduction of its 
thickness, and affects the antenna behavior.  
Fig. 4 presents the simulated results for the antenna return 
loss when for substrate thickness varies from 0.5 to 0.8 mm. 
As shown in Fig. 4, the thickness of the substrate will affect 
the operating frequency band of the antenna and cause 
degradation on its return loss. 
  
 
Fig.4. Simulated return loss of the antenna x frequency as a function of 
denim thickness „h‟. 
 
C. Influence of deviations on radiator dimensions ‘L’and ‘W’ 
The influence of deviations on the rectangular patch 
radiator dimensions on the center frequency of the antenna 
was analyzed by means of computer simulations, varying 
independently the width W and length L of the radiator around 
their design values. It was assumed that the process used to cut 
the radiator conductive fabric have an accuracy of +/- 0.5 mm 
at each edge cut, resulting variation up to +/- 1 mm on W and 
L. 
  Fig. 5 shows the simulated antenna return loss for a width 
fixed (W = 51 mm) and length variable (L = 46 +/- 1 mm). As 
expected, the length of the radiator L has a strong influence on 
the antenna central frequency. In the present case it was found 
that a variation of +/- 1 mm in L caused a displacement of  
+/- 4.4% on the antenna center frequency, indicating the need 
to control strongly the length of the radiator during the 
antenna fabrication process. 
 
 
Fig.5. Simulated return loss of the antenna x frequency as a function of 
the radiator length „L‟. 
 
Fig. 6 shows the simulated antenna return loss, when 
varying the radiator width (W = 51+/-1 mm) and keeping its 
length constant (L = 46 mm). The radiator width of the 
rectangular patch antenna is related to its radiation efficiency 
and has a second order effect on its resonance frequency. 
Simulation results indicated a shift of +/- 0.4% at the operating 
center frequency of the antenna for a variation of +/-1 mm in 
the radiator width W, confirming that its impact on antenna 
central frequency is not significant. 
  
Fig.6. Simulated return loss of the antenna x frequency as a function of 
the radiator width „W‟. 
 
The design of textile antennas employing metallic fabrics 
should focus on antennas using radiator shapes that are easy to 
be cut using conventional fabric cut tools. The use of radiators 
with rectangular geometry facilitates the cutting of the patch, 
hence increasing the accuracy of its physical dimensions. 
D. Influence of the radiator and ground plane layers 
conductivity on the feed point ‘y0’ 
The feed point position is related to the input impedance of 
the antenna and is strongly affected by the conductivity  of 
the metallic layers used to fabricate the antenna radiator and 
ground plane. This effect is not significant in patch antennas 
using conventional microwave substrates plated with copper 
layers, due to its high conductive. However, conductive 
fabrics used on textile antennas have conductivity about one or 
two orders of magnitude lower than copper, affecting strongly 
the ideal antenna feed point.  
Fig.7 compares the performance of the designed patch 
antenna, considering the metallic layers using PCPTF 
(ζ = 2.5x105 S/m) and copper (ζ = 5.7x107 S/m). The ideal 
feed point for PCPTF layers is yo = 3.6mm, resulting in -40 dB 
of simulated antenna return loss at 2.45 GHz. 
 Considering metallic layers of copper, the same feed point 
gives a simulated antenna return loss of -8.9 dB, causing 
impedance mismatch. In this case, the feed point has to be 
moved to yo = 11.5 mm in order to recover a good impedance 
matching condition.  
The lower conductivity of the conductive fabric results in 
antennas with larger bandwidth than the ones using copper, as 
shown in Fig. 7, at the expense of degradation of antenna gain. 
These results show that it is essential to know the conductivity 
of the material used to fabricate the radiator and ground plane 
in order to do a one-shot design.  
 
 
Fig.7. Simulated antenna return loss as a function of the metallic layers 
material and feed point „y0’. 
The use of metallic layers with lower conductivity will 
increase the antenna losses, reducing its radiation efficiency. 
IV. ANTENA FABRICATION PROCESS 
The antenna presented in section II.D was designed 
according to the criteria of one-shot design derived in this 
paper. In the antenna design, the measured values of the 
physical characteristics of the substrate, εr and tanδ, were 
used. The radiator shape is rectangular, and is made of 
conductive fabric, cut to precise dimensions. This antenna was 
fabricated and characterized, and its experimental performance 
was compared to simulation results in order to validate the 
design rules presented here. 
Fig 8 presents a photograph of the antenna prototype. The 
ground plane and the radiator were first attached to the denim 
substrate using a glue stick, and after they were additionally 
sewn in order to obtain a uniform thickness. The structure is 
fed by a 50 Ω SMA connector positioned at the bottom of the 
antenna structure. The center conductor of the connector 
reaches the radiator through a hole in the substrate. The 
conductive fabric accepted conventional solder process for the 
connector without damages. 
 
 
            (a)      Front (b) Back 
 
Fig.8. Antenna photograph. 
V. RESULTS AND ANALYSIS 
A. Return Loss 
The simulated and measured return loss of the proposed 
antenna are shown in Fig. 9. The measurements were 
performed using an HP8722D network analyzer. 
 
Fig.9. Simulated and experimental return loss of antenna as a function of 
the frequency. 
Both simulated and measured results indicated that the 
antenna operates at center frequency of 2.45 GHz, with 
excellent impedance matching. The bandwidth of measured 
results is slightly higher than the simulated one. The 10 dB 
return loss bandwidth of the simulated antenna is 3.2%  
(2.41–2.49 GHz) and the measured one is 4.8%  
 (2.39–2.51 GHz). Good agreement between the experimental 
and simulated values is observed and, in both cases, the 
antenna showed to have sufficient bandwidth to cover the ISM 
systems requirement. Despite all the uncertainties associated 
with the manufacturing of textile antennas, the experimental 
results met the design specifications, so that the goal of one-
shot design was achieved. 
VI. CONCLUSIONS 
 
A textile antenna for 2.45 GHz ISM band application is 
presented, analyzed and fabricated. The antenna substrate was 
denim and conductive fabric was used as the rectangular 
radiating element and ground plane. 
The performance of the designed antenna was simulated 
considering typical deviations of the denim relative 
permittivity and thickness. Deviations on the radiating element 
dimensions due to the process used to cut the conductive 
fabric were also simulated. The analysis of the simulation 
results indicated that an error of +/- 0.1 on the relative 
permittivity of denim used on the antenna design could result 
in an antenna prototype operating out of the 2.45 GHz ISM 
band. The same problem could be produced by an error of  
+/- 0.5 mm on the cut of each edge of the radiator element 
length during the antenna fabrication. Typical variations on 
denim thickness and on the radiator width had second order 
effects on the simulated frequency response of the antenna. 
The effect of the conductivity of the fabric used on the radiator 
and ground plane was also evaluated and affects in a 
significant way the ideal antenna feed point and the antenna 
bandwidth. 
For one-shot design it is important to characterize the 
textile substrate determining its relative permittivity (and loss 
tangent) at the antenna operating frequency. It is also 
important to control radiator cut process so that its length met 
the design value accurately. The conductivity of the material 
used on the radiator and ground plane layers has to be account 
on the antenna design, for a precise design of the ideal antenna 
feed point and bandwidth.  
These recommendations for one-shot design were applied 
to the design of the rectangular microstrip patch antenna. The 
measured frequency response of the antenna prototype was in 
very good agreement with the simulated results and met the 
antenna specifications, without the need of tuning or new 
design steps.  
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